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A METHOD FOR COMPUTING VERTICAL-PLANE COVERAGE
DIAGRAMS FOR FREQUENCY AGILE PULSE RADAR SYSTEMS

INTRODUCTION

In a comprehensive report on maximum radar range computations , Blake ~l]
provides all the necessary tools for obtaining coverage plots (i.e., range—
height—angle charts ) of monochromatic pulse radar sys tems . This paper provides
a method for extending the range computations applicable to the monochromatic
case to pulse radar systems featuring frequency agility. The number of dif-
ferent frequencies employed, as well as the number of consecutive pulses to
be transmitted at the same frequency, are both arbitrary.

MATHE~~~TICA L ANALYSIS

The detection scheme assumed in the analysis which follows utilizes a
square—law detector followed by a linear integrator, as shown in Fig. 1. The
symbols D0, X0, and Y0 denote the SNR (i.e., signal—to—noise power ratio) at
the designated points of the detector—integrator complex.

Based on approximate closed—form expressions derived by Barton L2~ and
later simplified by Caun E3] , one may relate the input and output S~~.s using
the equation

2D0
2

X0 = (1)

:1  

D0+ 2 .3

The integrated output SNR , Y0, may now be wri t ten in the form

N N 2D0~~
2

• Y0 = (2)
j=l j= l D03 ÷2.3

where N denotes the number of integrated pulses and D0~ represents the SNR at
A the detec tor input due to the ~ th pulse i l luminat ing a target located at

it is assumed that Rmax represents the maximum detection range associated wi th
the total energy delivered on the target by the N trans rni~ ted pulses.

Since our objective is to relate the integrated SNR (i.e., Y0) to a
maximum detection range, Rmax, using the classical radar equation, an average
SNR is def ined at the detector output in the form

Note : Manuscript submitted March 4, 1977.
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N N 2D0
2

Z j 
(3)

j = l  j = 1  D03 -i- 2.3

The SNR given by Eq. (3) may be thought of as the SNR necessary to achieve a
specified probability of detection, 

~d’ and false alarm, 
~ f a’ for  a specified

number of pulses and a postulated type of target; normally, i t  is the corres—
ponding SNR, D0, at the input of the square—law detector rather than that
one associates with 

~d 
and 

~fa• 
Given, however, D0, the corresponding value

of X0 is obtained using Eq. (1). For example, given N, 
~d’ 

and 
~fa ’ and a

target described by Swerling’s Case 2, one may utilize published results [i
to determine f~ and subsequently X.~.

Once ~ is obtained, the problem becomes one of relating X0 to a corres—
pond ing maximum detection range , Rmax, in a way which takes advantage of the
computational aids developed by Blake l,4~ . This is accomplished by writing
the radar equation in the form,

P A2c~F.~& I P~A~~ 1
D = ~ 3 

= I I F. 4
~ 

° (4)
oj 

4 \ 2 R ~ I J  4
- 

- 

~~j ~noise max L J o noiseJ

-
• where D03 represents the SNR at the detector input due to the j th pulse return

from a target positioned at Rmax; D0 is the (averaged) minimum SNR based on N
pulses; F. denotes the pattern—propagation factor ; and the remaining symbols
in Eq. (4~ represent well—known radar parameters 5 . The bracketed portion
of Eq. (4) represents the free—space range, Rjf5

4
~ corresponding to N pulses,

but as if they all had been transmitted at frequency £~ (i.e., wavelength Xj)
-
~~~~ and each resulted in a SNR, D0, at the detector input. In view of the above

interpretation, one may rewrite Eq. (4) in the form,-

= 
~~ ~~~~ 

(5)

where R
~j 

= Rjfs F3, 
and j  l ,2, . . . ,N.

Since

P A 2
~4 t

jfs = 
4_ \

2 

~o ~noise

varying only the frequency results in a relationship of the form

Rj f5
4 = Rifs~~~~~~~ = R 1f 4(11)
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which provides the free—space range at frequency £

3 
in terms of the free—space

range at another frequency, 
~~ 

while all other parameters in Eq. (6) remain
fixed.

In some instances the maximum free—space range, R3 max’ 
based on the

number of pulses at each frequency, is known. In this case, there is a
given by

P A 2CF~~
oj 

j  
. (8)

4,~X P R.i noise 3 max

The free—space range at frequency fj is then given by

-
• / D

4 4 1  oj
jfs 

= 
jmax

Substituting next Eqs. (3) and (5) into Eq. (1), tha t is, into expression

2D0
= (10)

1#~2.3(..L

one obtains

• (R xj \4

1 ~~max/ (11)
N j = l  

1
\R xj  /

where ~~~~= (2 . 3/ô~~) .
p

PLOTT I NG TECHNIQUES

SolLtion of Eq. (11) for Rmax provides the information necessary to
produce the so—called radar vertical—plane coverage di agrams.

Blake T4 : has developed a computer program for presenting the radar
interference lobing phenomena on range—height—angle plots. This program was
named LOBEPLOT and was written in Fortran for use on a CDC-3800 computer.

Relatively simple modifications to LOBEPLOT have been made which have
resulted in the solution of Eq. (11) and enabled the computer (Calcomp ) plotting
of the lobing charts for frequency agile radars. The original modifications
were made, and the program was debugged on a CDC—3800 computer at NRL. More

~~~

I
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recently, the program has been changed to allow running on the new Texas
Ins truments Advanced Scientific Computer (ASC) at NRL. This new version has
been named LOBMUF for “lobes, mult i—frequency .” The complete program is
listed in Appendix A; the input data card formats are given in Appendix B.

In LOBMLT, 
~d’ ~ f a’ the total number of pulses integrated, the Swerling

f luc tua t ion  case , and the number of radars or radar frequencies are specified
on input data cards . In addition , for each radar or radar frequency, the
free—space range, beamwidth , number of pulses at that frequency, sidelobe
level , and a parameter FREF are required. FREF is zero if the free—space
range was calculated at each frequency as indicated in connection wi th Eqs .
(8) and (9) ; otherwise, FREF is the midband or average frequency and the free—
space range corresponding to this reference frequency . Other inputs to the program
are identical to those for LOBEPLOT. They concern the dimensions of the r ange—
height chart, polarization radiated , antenna height and tilt, etc.

— 
Using subroutines from another of Blake’s computer programs 5:, R GCALC,

the signal—to—noise ratio,D0, and the parameter, 0~, are computed. If FREF = 0,
D01 for each frequency is calculated. Next, the pattern propagation factor,
F3, is calculated exactly as in Blake’s LOBEPLOT. Finally, a simple search
routine is used to converge on the value of Rmax in Eq. (11). The search is
terminated when the two sides of Eq. (11) differ by less than 0.01.

Figure 2 gives a typical coverage diagram generated by the computer program
LOBMUF. The inputs involved a hypothetical radar radiating two pulses at each
of 23. frequencies from 1350 MHz to 1650 i~f H z  in 15 ~~ z steps. 1500 MHz was
chosen as the reference frequency , and the free—space range was chosen to be
100 a. ni.

Figure 3 shows the lobing plot for a single frequency radar at 1500 \Uiz.
A comparison of Figs. 2 and 3 shows that the incoherent integration in a
frequency agile radar does much to fill in the nulls of the lobing pattern and
give a solid elevation coverage.

StJ~MARY —

A computer program has been developed to plot range—height—angle lobing
charts for frequency agile radars. This program is quite flexible. It may
be used to plot the lobi ng charts for several radars or a single radar including
several frequencies . This program, LOBMTJF, builds on Bl ake ’s range-height
charts and lobing plots. The program assumes incoherent integration and a
closed form expression for a square—law detector.
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Fig. 2— Lobing chart for hypothetical radar radiating two pulses at each of 21 fre.
quencies from 1350 MHz to 1650 MHz in 15 MHz steps. Wave height of 4 feet,
free-space range of 100 n. mi., and vertical beamwidth of 4.0° were assumed.
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Fig. 3 — Lobing chart for single frequency radar at 1500 MHz with free-space range of
100 n. ml. A wave height of 4 feet and vertical beamwidth of 4.0° were assumed.
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APPENDIX A :  Fortran Listing for  Program LOBMUF

The basic modif ications to Blake ’s LOBEPLOT for program LOBMUF occur
in Subroutine LOBES, as described in the Plotting Techniques sect ion of this
report. In addition , Subroutines PDSN , PD, INVERS , MARS~~ , DGAM, DEVAL, GAM,
EVAL, and SUMLOG are incorporated directly from RGCALC.
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P123 0E a 3~~r~.DEL1 e ~I2
fl~ET2:T~s”I\R.0~ Lj
N a ()

:

1 0 A S~~~:l
CA L L  C ’A S~~-1~

2a A . 1 F T . A ~.FT
*

A E I-I A E  * C A E  4 A I4 F T)
P A P A ”  a 5~~L1~ C A E / C 2 . *A P F I ) )

O~’ ~ 10 II’ t , I !M A X

1~iE T2 a T~~~.T2 • 0~~L 1
t~~ CTI’ET2 •GF, ~~I23DE. I G D T e  4 0

a TA ~~ C T ~4r T a )
$2 a SI’- .C T~~ET2 )

R S I  a T~~E12
~ 05 M 3 1 ,~ J PD S

~A 2 5

C S C !  = •ioii • S I N C 8 ~~~2.~~~I~~~T P~~
IF C~~A C ( U ) ,LE.~~S ,) G~~ 

TA 251
250
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S TA T E M E N T

IF (~~~r ( U ) ~~~~~ 3~~0 )  1 8€ & ’ -’ z — 1
GD T- ~ ?52

251 I9E A M I
C”~~S T a 1  .3qj57/sI~ (~~*fl
AN LL 5A P$t ’-. (PI/CDP ~5T)
CPA ~~1sI0 •*iC (I3.2.SL0B(”))* 1 05)

252 ~ I
~4 a 0 ,~~ S * -‘

— A L IM  S ‘~,0l * a-
FA C  ~ ~ 12I— ~PD ‘ 2. * A- 4F T  52
IF ( I N D E X  .ED. 1) GD 7 77

- T2 3 a T 2 /  3 .
GA ”  3 ~.~A~~/ ( 5 C P T  (123..2e~ AEI .r23)

~s x a T)~’E T2 + GA 6 ’
53 ~ SI~’~C~ SI3
Z E T A  ~ 

D~~~~A M  * T~~
C 1 a o . 5 7 7 3 5 * S q R T C I . .,2. 3 Z E T A / S G ; T ( Z E T A 3 Z E T A , 3 ) )
p o l s 5 D p T C A ~~2 + A E M * G A M * G A M ) * 2 ,  *53 .53
IF cA esc p n .po1).GE .A L I TM ) GD T’ yq

75 I~ (C1 ,L T ,u.9~~~I GD TD 7~
7~ O Dl  a I,

INDEX a I
~ q D a PCi

IF (P C ,LT .a-~~.’~~. T k E T 2 , LT .O . 0 0 o ~~73 )  GD ¶D

GD TD 301

30 1  IF (XCASi ~.NE.I ) GD T~ 300
30? CA L L  CA $~~DF

IC A SW SO
300 C D’~T INlj E

77 C A L L  $ EA RF F (F”~ Z(~4),P5I,!PAL, R e.4
~~,Pi~t)P I Z a ~ t .Z *$3/ ~

~ IZ 2a~~IZ .P IZ
0~~

A N G  a T~’E12 • 1ILT~~
I F C ! B E A ~~) 2~ 0,2b1,2b2

260 R A T s I ,
— GD i’D

261 P A T I C D S ( C D N S T . A . N G )
GD i’D

262 IF C I C S C .~”E .1)  GD TD 61

6o IF (A N G . L E .~~A 2 )  G’ TD 61 6

60 P A T  S C $ C T / 5 2  - 7 -

GD I’D 24 - - -- - -

61 IF C A ~ GS 6
~~.C .) GD i’D 23P -- 22 PAT a

GD Y D
23 LL~ I CD’~.ST * SPJ C~~ G )

-
‘ 

INT $ J L/ PI2
~~~~~~ • .~ j  • INT * P12
I! (A!5 (AN G) . LE .A N L L )  GD 7, 161
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S TA T EM E N T

160 C~~A T  a C D A T I

G~ i’D te2
161 CRA T * 1,
162 PA T a ~ PA T * $~~’4 (C~~FF) /jj’)

24  £N G P a T~’ET2 • T IL TR  • 2. * GA ~
IF CISL A U ) 270,271,272

27’ PA T PaI ,
GD T D 2,

27 1  P A T R S C D 5 ( C D N S T . A N G P )
GD i’D 21

272 IF CA ~ GR .NE .0.) GD TD 26
• 25 R A T R  a 1,

GD i’D 2~
28 tJ t.i~ 

a C D~ S? • SI’~ (A ~J G R )

IN T R  a IJLI~~ / P12
D I F F R  a UU~ — IN TP * P1 2

IF tA 5S (A? ~GR),LE .A~ LL) GD i’D 66
• aS C R A T  a C P A T l

G~~ TD ~ 7
66 CPA T a
67 PA T R  a CPAi ’*SI’-~(DIF FR)/LjUP

- - 
27 IF (ABSC PAT ), GE.I.E.44) GD ‘TD ~9
28 IF (PAT ,GE, 0 .)  GD TD 281

2~~ 0 C a
~~~~ T~~ 30

281 CaD I . R M D*R U F .R A T Ra I , E4 5

GD T D 30
C a 01. RN~ * P A T R / P A T  * RUF

30 A L P M A  a FA C * PD • P~”I
It.T1 a

CI FFI a AL~ i4A. INTI* P12
4 - , F $ A 5 5 ( P A T ) *  5~~PT (j ,Q • D *D • 2.0 .D .CD SC D IF F I))
• -

805 CDNTP~UERNG $ PF4
RN G2 1P -~G r~’N S

FA CM IN $ lO .
-~~~~ 497 5 I.J~~E N*c.

-
~ CD 498 M M a I , NRD5

PP~DIFLD AT (,:Uh1 (I~U))5 u U E 8 , c i ~~D / P e L S ) * ( R P A T I D/ ( l . . G A M M A , P P A T I D ) ) . 5 U ~~EN
998 ~~D N T I N U E

r A c’~~2aFA C ’4 I~.
FA C 6 ’ I NS$UM EN .BE TA
F$U” a~ AC”N2 ,F AC”IN
IF (RN- G .ED .0.) s~ i~ 443
I~ ( A 8 5  C F A C 4 IN ) . LT ,o ,0 I )  GD i’D 993

IF (FA C ” I N .GF. .t , )  5~ T~ 902
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I A C~~~~I 

C

90? C D ’ U N ’ E
~ E V S ~

G~ z~~ G~~e C1 .•FA CM IN)

~ C !~~Fz A ~~$ (ReREV .RNG )
IF (PC IIF .LT .0.I I A N C .FSL ”.LT .O.O I )  G~ ID 993

7~ p91

993 C A Tt ~~~L
999
ai~

8n6 ¶ I a 1 , I I ” ~~*
r A a P F F ( I I ) a E~

T~ ET2 * T’4E12 • DELI

L * a A * C~~S C i ’— F i ’ 2 )
y * A * E ‘ St ~~~C T W ~~i’2)

45 1* (Z ,L~~.X~’AX) GD T~ S C I
50 (~ ISu ’~1$8

GA T D 5~~2
501 T 5U”X * I’

- C ’~ 2 IF C V .LE .V M A * )  G~ T’ 5’)~~

‘03 !Su’VIa
5D TD 503

F- 4 5u~. ISL 6 ’Yao105 I F  f x e .LE, X M A X )  GD i’D 507

~06 ISL”~
4’2

i’D
507 ISUMXP,~F
50* I~~ 

(V0 ,LE. V M A X )  G’ ID 5 1 0

509 ISU~ V a 1
GD i ’D 5 1 1

51’) ISUUV0 s~)
5 1 1  T S U N $ I S U” l + I ! L J M V * I S I J M X P , I $ L I MV P + I

GD i’D C a - 1 ,~~~‘,e0 3 , b 0 2 , b 0 5 , b2 O ,a20 ,b 20 , b0 Q ,82 D , b 2 0 , b 2 0 , 6 0 5 , 6 2 f l )  ,
H •ISL”

e(U l~ ( N , ’.~~, 1)  GD T~~ 3
2 CA LL P~• DT (* ,V ,3)

- 
- x2.a

.4
1p$X

v P a ~
~ ‘ID

3 ~ (N ,’E ,fl GD T~~
4 L ~ X A a l

V A S Y

yPa ’

5 1 13 *

t
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S T  A T E 6 ’ F ’~T

V 1l :V
GD TA ~~lp

a 4() CA LL P~I~~TA P ( X ,Y )

~~~ X P SX
V R a V
IF C T~ ET2 .GE .T~~~ X~~) GD T~ .10

6 02  IF (N .FQ ,j) (‘ ~~ 620
C A L L  O A S l4D~ -
IDA S~ *0

• IF C I A X I S , E t ~~,l )  C A L L  PL D t ( X ’~ A X , V’~ A X ,2)

CALL X’~1~ ST (0,, Y 6’A % ,A M A X ,Y A ~~,X ,V ,YP .V P ,II~,V C )

621 CA L L  P t.. ’ T C X 0 ,V f l ,2)

L CA L L  C A s ~~~F
x2a

~
o

V 2 3V0
X A 3 X
x i i a x
IP= x
‘VA :Y
V I  j a Y
Y P aV
Na2
GDt” 8o6

80! iF (~‘,EQ .I) GD i’D ó2~~
C ALL CA S”~~•

-
‘ t DA S ~~$0

• C A L L  IhT ~~ST CX ”A * ,0,,X’~A X ,V6’A X ,X ,V, XP ,V P ,X0 IYO )
GD I D 621

605 IF (~ 4 .Ul .1) F D  T’ 620

CA LL ‘-~I’~TAP (XP ,Y~~)
CALL PLA IC~ P ,YP ,2)
C A L L  T~~ TP Si ’ (0 , ,Y~~A X ,X ” A X ,V 6 ’A *,X ,Y ,X P ,YP , XO , Y~~

)
IAX ISI2
CA LL ~L-Y IC *0,~~0,2)
GD i’D 62D

*09 IF C N ,r~, 1) GD T D 620
CALL TM INI A P (XR ,Y P )
CALL P~ D T (XP ,V~~,2~
CALL 1~4TRST C~ MA X ,O . ,X~ A X ,V ”A X ,X,V,XP ,Y~~,X0,V0)
l A X  I S a t
CA L L  P L D T C X 0 , V~~,2)
5’ i’D 620

~&o IF  CI SUM .NE .I, ) 5~ i’A 6SI
oSO CA L L  P L ’ T C * , V ,2 )

RE T UR N

651 I~~ C X .GT .X M A X .A 6a0 ,X P .G7 .X M A X )  GD ~~ o 5 2
Ge i’D 653

a52 C A LL I~~T~ ST (X’ ~A X ,C’ 1 , X~~A X ,Y V A X ,’)1, I~,,X ,V ,X~~,Y ’ )
C ALL DAS ”D~’
IF (YO .LF .V’I A X ) GD i’D 655
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5 tA T E ~~E i ’

~, 5 — C A L L  ~ i 8 ~~ -~~,Y ’ A z ,2 i
CALL ! ? 51 rn~~,-v ’-~~s ,. ‘~~s , v~-~~r , r , , 0 ., x , v ,~~ O , y ’ ) )

~~~ C A L L  ~~. ‘ T ( V ~~,V~~,2 )
r.A LL r A 5M~~r

~ E
65-5 IF ( V ,~~ ?.Y’- A I ,A ’ O .YQ .GT .V*ILX ) GD ~~ 656

GD 7A

656 CA LL CA SM ~ ’
C A L L  I N T ~~SI CO . ,V IIA1 ,X~ A * ,YM AX ,0.,0.,X ,Y ,X 0, V 0 )
IF C * O .LE .~~”A ~~ I GA I~~~61j q

~~~ C A LL 7’~T~ SI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~ C A L L  ~~~~~~~~~~~~~~~~

CA LL C ’A 5 —~~
‘.57 ~~~ i ’ - F~~.

h59 I F ( I A X I S . E . l I  C A LL ~L~~T C x 1 - ’A~~,v~4Ax, 2 )
o~ i’’ 6*0

SC- b CA ~J?I~*~ E
GDTD 8o~

~~“7 ~PI~-1 ~ c-~
~~~ 

W A ~~~4A 7 ( tk ~~~~I 
~~ C’ ~ F FILE ~ A $ ~ EE6 ’ R EA D  * W F R E  D A T A  C A R D  S~ DULD SEt )

*r1 q EN D

-‘4
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S TA T E M E N T

-

~~~ 5~~~~~~~ T J ’-~ j 5 - ( T ,PI4 ,’ P- JLS , iA S E , 5 ~~~ )) F X T E ’ A L  110
S I 6 *F K S ID \ r:~ ccs) ,SL’PECS ), PD IAC(S)
C D~4 6 ’ D #  / P! ’5/ PF L A S T ,~~LA ST ,I ( S LA 5T
D A T A  P F LA S i ’ , 0 ,,
~‘A T A  N LA S T / 0 /

DATA KSLA ST / .1/
D A T A  D~~u /12 .5.l0 .,j 4.,13 ,?,13.2/
D A T A  5L ’~~E / b ., 7 , ,8 , ,7 ,,~~,i
D A T A  ~~~FA C / 4.8,20 . ,20 ,.I1 .,13 ./
DATA C~~°IN/.3n ,/
O A T A  DP’4AX/ 30 ,/

- ‘ s T A  r~~t,” ,,
D A T A  C 52 / e ./
D A T A  PD LA S T /D , /
IF CPC ’T ,~~~~.P 0LA 5 I )  G i’D 2~~IF C R F A .’~~,P F L A S T )  GD T A

2 IF C’ RI LS.~.E.~.LA ST) GD 7D
3 IF ( ‘ A S E , E . .’ ( S L A S T )  R~~T i .~~

2~ P D L A S T S P ! T
R ’LA ST ,PFA

L A S ? $ ‘. P L L  S
SL A ! T K A

‘a’~A SE • I
PULS$NP~’L S

1IDS~~C~~)_ SL DPEC .ALAG 1OCaJLS, .(PDT_ ,5)*PDFAC C~~)+I PFA _ 8 .).,4_ I .
DP? aOC I  .2,
CA LL I~~VE PS(D~ M !’,C P 6 ’A x .Dpj, r’S2,0,15,NDI,5C R ,PC1 , P0T ,Rr~)END
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ST ATE 6’ F N T

S L S R e LT I - .E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
TE S T  $
F r ~ a Ii’
II ( F T  , E - ~ , ~ . I  ~~ a 1,
ND! * i
DELTA a SM I —

X IS SLD

F I IF ( X j  )
F?sF ( 1?)

SLD RE, (F2 .F1)/C*2 .Xl )
T I CSL5PE.~ E.O.) GD T~ 21

1 1  F6’A **I(~~’~8X)
F M I N S I ( x ’- I \ )
SL~~~~E *

2 1 IF ((F?.’7)*sLDPE. GE..~.) GD i’D 23
22 zt :~ 2Fl zF2

* 2 *X 2 . Df LT A
i~~ (* 2  , T , x’~A~~) Y 2 a X ’ A X

GD T D  2 1
23 IF UFr.It).SL,QE.(;€. o .) 55 ID
24 12 *51

11a5 1. D E LT A4 IF ~ 1I  .LT . X M I * )

GD i’D 23
21 lA s h

7F C A R 5  (F2.FT). GE, A~~5 ( I - I . F T ) ~ GD i’D

7 F~~2sF~

F j * F22
*22 3 *2
12*11

G D 15 8
1 F~~~~:F ( h )

TE S T I a
IF (TEST 1. GT .TE S T )  55 71S b

2 R E T u R N

6 IF(N DI .LT .LI”) GD ID 13
12 ~~ IN T oO

P R IN T  ~~I, LI”
~~ I’i ’ 02 ,  ~“ T N , X ” A * , SI. ” , XI’ T~, ~sI r,, LI” , ‘4’I, x , F j ,  FT

13 IF (~~1 ,’4E,F2) GD i’D
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i~~~ ~~ ~~~~~~ -~~~,F~~~) -
~;~~ i ’”  is

17  5~~- : 5 t

c _
~~~ i’s

1 —  x A : X ~
= 2 * 5  A

j I
55 i’ D

1~~ x ;C 1l •*f l . (F i’ . I?) , (FI.;? ,  • X 2
( ,L T . X A )  S:IA

IF ( s  ,GI , (~~) *:x~
51 ‘‘ • 1

5~ I’ I
~~ F~~-~~~ T (/ 1’  ‘ ES S A G ~ F~~~~A~~ Su~~~DuII6 I  INVE ~~S •— ‘/1 )

~‘l 
FAC’.A T ( I  c i J ..~~~T~~~

s* . T ’ V E* S I D’  ‘ - D i ’  £ rC~~MP L15$Fr ~ ~I i ’ 4 ’ T N  S P E C I FZ F !4
. a- ,I3 , ‘

~ 2 F-’~~”A T  (‘‘ I’-~~E~~S ;a ;A ”ETE~~s ~E~~F ‘,~~CE j O .3,2x ),3(I3,2X),F1C ,3,
• 2(2~~,E I ~~.~~) //)

F

L

-4’ -
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5L~~P L T t~~ -‘A P5A ~ C 5 ~~D~~,’.,F A ,K A S E ,~~r~)
L~~LE pQ~~~~~ 3~~ a-’

D ”’ -~ LE “‘-‘ ECISID’ - ~~( A’ , C E vA L, Si”L , SL” L ,  FAN , F’
a

IF  C ’-’D!~E) ~ 0c ,  ~~n0 , q-~~
9~~-~ F A ’4a D L D t lO(D L DG( ,500 )/DLD GCI ,.C 1 0 ,0 0 ) * * ( . FA )  ) )

GD ID ‘~~~5

10’) FA ’ 4
Io5 IF(N) 99,°~~.2

~ IF(FA IO9 ,99 ,3
;~ 3 I~~(~~~S E )  Q9 ,.~,o

- - 
~ t~~C~~ SE.”) 5 ,5 , 99
r, ENP Q =
6 E \~~~ 

A N
EN 3 N

a 0 ,
IF (NPPEV .EQ , ,A ’~Q , F A P R EV ,EC , FA ) ~D i’A 777
IFCN .12) ~~~~~~~~~

7 Y R P R a E 7~* ( I, e?. 2 e E4 P P/ E N . a ( ( 2 ,O Q ,3 , D O ) 4 O . C j 5 . EN P R) )
- GD ID II

- -S • ~ Y5PR a
i i  E N ~~P a l O . a-’ F”~’~

1 GA ~’PR a D G A M ( V S P P ,’4 . j )
-
. P y *  =

S1.’L S~.~M L 5 G C l )

Ic (GA4’~ P— ~ Y9) 10 ,12,12
- I-

GD ID Ia
- F  12 S

‘ - ~~~ 
YF)  =

a r~~vA L (Yo,-N. I .SI!’L )
lb V I  a

El :CE ~~A L (V 1 , ’~.1,SU~-’L)
S T E P  a GA ’-’~~~ • ~~* ( E ( - 4F I ) /2 ,

!~ (CC5t ~~~(l ,D’),SIED.PY~~)_ GStG ~.(1 . ,~-)).E . -).) G ! ’  2’)
~~

t) =

L- GAM PQ a STEP
GD i’D

‘4 20 I~~~ ( )  2 2, 2 ” ,2 4
.
~ 22 V5 * V I  •

G D ID
- 2-’ ~~ I V o  • .4.(P~~~.GA ’ 4 P P ) / C 5 I E P . G A ” P R )

30 5 IA S * Y~
777 V~. a 8I~~S

— ‘- PREy ,-
‘ FA PIiEV a F A
-, 5 a

= KA SE 4 1
5D T~~ (10O ,20O ,3’O ,4aC~’,5D~F), ~
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St 7 . =

= E - .~
~~~~~~~~~~~~~~~~ t S ’ - , l ~~2 , 1 - -~2

t - ~2 ~~5 
. ( E - ~•l , ) / 2 .  • C 5 ) 1 C ( ( E N . 1 , ) / 2 . ) . s 2 i P * V B )

(5  a “s~~~ (4 4 5 , 4 )

C,5 =
15 =
C. =

=
IF~~~~” a
i’ L =

i~ 7~~~ ”P * S~ ’’~ o TE ~~
’-’

TF ( $ L ~~ . T E A P )  1 12 , 1 1 8 , f l b
— 

1 1 2  SLj ” a
I F ( ’ )  1 l ’ , . l l e , 1 l ”

~~~ 
TF~~” = T E R c ’ * IL DAT (14)a(G.TL)/(F*G)
C- = G.T L

57 a 4.j
IL 3 T L i F L D A I  C 1 4 + N ) / Y S

G D  ID  t l ~~

1 1 6  IL = T~~*Y~~1 FLA A T (K5~~’4)
14 = ~S.l
S = GS.It.

T E’~’-4 = TS*P*G /C5S*FL 5AT ( 1 4 ) )

12 1  T E M P  * SL” +T F R”
I F C S L ~~.T FM ) 122 , 1~~o , 1~~o

i2~ 
5 1’  a TE”P
IL = TL .V-6/FLDAI (K.’~ )
A =

a- i’E~~ ” = i’E~~”•~~.(G.TL)/ (GaFL’A ~ (K))
S =
r,’ 1’’ i~~u

• 15:’ ~~5 •1. • E~ - /2. • r 5~~1i’ (E’~.*2,a ,eP*VB )
44 5 = ‘A S j  (445,0)
5 5 :  5A - ’ ( V R ,14S 4~~.1, T ” )

IF (GS) IIo ,1 70,I55
155 75 = E V A L C P ,KS )*GS

5 a GS
T EP” = 15

IL a IN

l b~ 
IE9P =
IF (SLM .TE’1~~) 162,188,IE’b

162 SL” a
1 1 ( 4 4 )  ‘ b 6 , 1~~ b,1b~~

l 8’ -~ T E ”  = TE’~’•ILDA I (~~).(5.IL)’(P*G3
S a G +T L

= T L . F L D A T  ~~~+ ‘. . t ) / Y~~
14 a 14 .4

4 
‘~ 5 15 j~~

-
~

Ibo  IL:  TN,YI~~F~~D A i ’ (145.~~)
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ST AT EM ENT

= ~5.1
5 = GS .T L
TEP” a i’3’~~ G/(55~~ L 5AI (K))

1 7-) TE”~ a S I” • ‘Eq”

IF (SLM.TE~ P) 112,17~~,174112 Su’~ =
‘L ’  IL* 56/FL D A T  (K.’~)

i’E~~ a t (R’i*P*(G .TL) / (G*FLDAT (K+j))

S a G.TL
.5 3

GD 1 17-a

1’4 51.1” a
jQO RN a

GD 15 90

250 IF(N.t) 210,210,220
21’) PN $ C E X P C . Y S / ( 1 .+ X ) )

GD ID 90

220 TEM P $ 4 . • l ./(E’~~~X )
a 1 , • &AM (YB ,#.2,DU6’) + D F X P ( C EN . 1 ,)*A LDG (IE 6’P ) V S / (t .+E’..X))

* * GA ” ( V B / I E ’ 4P,N.2,DUM)

GD ID 90
30Q If(N.t) 310,310,320

‘ DEXP(— YB / (j , -pX))
GD i’D R I

3 2 0  RN a i. • GAM (YB/(1,.X),41_ t ,D UM)
GD 15 90

a’)O IF(~~ .2) a t O , 4 2 0 , 43 0
.110 RN a ( 1 .+ 2 . .X . Y~~ / ( X . 2 . ) * *2 ) * 0 EY P ( .2 . * V 9 ,( 2 . ’ . X ) )

55 15 00
4 2 0  R N :  (l. ,YS /Cl ..X ))*DESP (.VS/(1.,X,)

- - 
- 

GD ID

• o3 ’) C =
- - C a

I F (V SaD.EN) 400,a5o,o5o
040 SUM = 0.

IEP ”  * t ,
J a N

002 TEMP * S’j”.TER”
IPC SLM . TE ~4P) ~~ 4 ,~14b, 04b

404 SL~’ I TE”P

TERM s T ER ” * Y B * O / F L D A T  ( J )
J a J +j
GD ID 4a 2

448 P’.~ a • G A M ( V B ,’i.2, flL”)  • C * V 9 * E V A L ( Y e ,N.2)
* • 0 * E V A L C Y B , N.1) * ( 1 ..C *Y * . ( E ’4 . 2 , ) a C/ D ) * S U M
GD 15 90

~so RN a • GAM iS ,M•3,DuM • V S *E 4 JA L( V S ,N e 3)*c/C
* • DE5P(.C.V~~.CEN.2. ),ALDGCC, )* (1..C *V9.(E~ .2,).C/0)
• •G A M ( Y 8 * 0 ,’4 .3,CU M)

1. GD 15 90

Soc  S.~ ’ ‘ 0.
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i,—c

6 =
P a C • v~~
14 5 (3. *E N •CV ~~*D) )/2..O55IIC(EN •1 . e(V9.D,)**2/4,+(’4’5,D)*CL4’~,1,))

- ‘S = ‘4 1’ :)  ( 1 4 $ , ’ )
a “ A s o  (14 5~~(*)

44 3 ~~5

~1 a
1445 a ‘.5
~ S “ I’0  C S S , N)
I F ( Y 8 . F ’~.( 1. .D ) )  SSc ,3- I ,5 01

‘,r l r.~ = •

IF (GS) 52*,’~2b,S’)25 ( 2  15 a ~~~X P  (FKS.AL5G(C) .(E ~ •FK5)*AL5G (D).5UMLA5(N).5UMLDG (K3)
a • S U M L D G C J ) . A L ! G ( G S ) )

5 = GS
TE R M  a 75
IL ~ I’.

5 1 0  1~~”R a Su” .TER ’

IF (SI .,M.IE ’4P) 5 1 2 , 5 16 ,5 16
5 1 2  su M = TE ”P

IF (S )  516 ,516 ,514

51 a T (. = IL*P/FLDAT C2”~—~~)
-
~~~~ ~~~~ a TF~~”.F~~DA T (S)* (G+IL)/ (SaFLDA1 (N.K+j).5)

S a G.TL
14 a 44.~-:  53 1’ 5j (~

5 1 6  IF( KS.’!) 515 , 52 6,5 2’

~~15 IE~~ ’4 z IS,DaFLAA l’ (~-s’c5)i(GS.I4’)/(~ L5AT (KS~ 1)-aGS)
S a GS .t’

IL i’~~.FL5AT (2e N. 1 . cS) / R
445.1

320 TEMP = S U ” ’ TE R ”
IF(SLM .TE~~P) 522,528,526

322 SL” IE’”’
IF ( •~ !) 524 ,526,526

52~~ 
T E R M  a 1rR” .SaFLDA T (*:_ 44) * (G.TL)/ (FLDAT CK I)*G)
5 = 5.IL
IL:  1L* F I’ ~A T  ( 2 * 4 ’ e 1 . I 5 )~~P
.5 =
GD 15 524 )

526 RN $ Su”
5 D 15 0)

550 55 a 5A4 (P ,2.N.t .KS,IN)
IF (GS) S1b,57b,~~52

352 15 = CESP(FK S*ALDSrC ).CEN. F44S,*A LDSCD).SUMLDSCN) .SUMLDGC44S)
*

4’ 
,, = r.S
I E ”  a 15

-, = I’.
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~~8” T E ’~~ =
I F C S L ” .F E ” P )  S ô d , S b 8 , 5 ” b
5~~” = I E- P
r F C ~~) 3#,.-.,566,5b0

56k. TI. a TL a~ /IL~ A I (2”. ’)
TE~ ” a I~~~~

1
~.IL 5A T  (14).(G.TL)/ (~~.IL ’A I (N e 4 4 .t ) . 5 )

= G.T L

~
54~ 1 5~~

(4
~~~~~~ IF( K $ . ’.) 5* 1 , 5 7 6 , 57 6

5~~5 I~~— ’~ = T5*~~.FL DA T (-~.44S)a(G5.T4.)/ (~~L.~A T (445.13*55)
7 1. 1,S.T~

rL T’;*F~_ DA T (‘*~-—1 .~~S )/P
a 4 4 5 , 1

570  T~~~P = S I-” ’  T E PM
I F ( Su ” .l’E ’P)  5 7 2,5 1 ’ , 5 7 6

57 2  S L ’ ~ =
lIC k . ’ )  57 0 .5 7 6 , 5 7 6

57o TER~ S 1EP” a ’~aFL A I (N.44).(541L)/(FL’AI ( 4 4 4 t ) a G )

5 G.IL
‘L = IL*FL~~A T (2•’~— 1— 44)/P14 1 I~~~1
53 15 570

576 F’. I I~~—SU~
G D  I D  0 )

9’ I F C P ’~) ~1,~~4,92
91 P N a U ,

GD ID 94 -

Q2 T F C P~..1.) 9~~, Ra , 93
03 RN * I .

-
~ ~~

-, Ro
99 ~Q t T E  C * 1,~~~

) ‘ ,F A  ,5N~~ ,4 4 A 5 E
9 F5P”A T C1- i O / 5 0 —  ~~ R EA S ! NA ~~LE C A L L  S EQ UE NCE ID V A R C U M , ZE~~D RESULT

* 7’l~ G I V E ’  / / o~ ‘~ a T S , S X , S M F A  = E16. 8 ,SX , SMS NR a

* E15 .R ,S * . 6 M I S A S E  a Z~~ )
Pp.. a
ktA 5 =

Ei’U~~’-
END
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L 5 MLE ‘ - ‘— E C I $ I ’  5 : - - ~~ I~~.. ,TE ’9 ,FJ,DG*M , “ Ev ~~L, ~~~, S, - ’ L , S - .~--- L5 r ,
SL” 1

I F C A .N 1 )’i ,200 ,2”’)
- 1 r ~ J a ‘- • I

SU’L I S J~ L~ G C J 3
I I E R P

~ * ~?E14 A LCS ,J,SL- ”’L )
j~

, I~~”P * 5I M.1ERM
-
~ ~~r ( ~~~~~~” .T~~~ MP)  15,2’),?”
— IS SL’ S IE4~

-
~ 3 a J.j

- FJ  a 4
-
- T E P T M  a T ER ~l* B / 1J

-
~ GD T 10

2” 5 5 A T M  * SL
-
~~ REIu~~\
•7 ?0~’ 4 a ~.

S’ i ’~L $ 5LML’~~(J)
IEP” a D E V A L C ~3 , J , S L” L )

- 3,1 ~E”~ I 5i’4’.TER’-’
- - -S I~~ (3U” .~~E ”~~) 35, aO , aO

35 Su’~ a 1E 61 0

IF (J— 1 )  ~~~~~~~~~
7:-4 38 1 3 * 3

T E RM * TE~~~aFJ/1

7
- 4 • Ju l

GD 15 30
0,4 D G A ~~ $ 1 ,_SUM

~~E1U \

E~~0

i
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STAT EM E NT

1t~ C~~ I- ~~
- D EV A L  (~Y ,’- , S ~~~I. )

DA 1,~~L1 ~~ E C I S I A ’ . 1~~~~A ,EN ,;E V A L ,  V ,S (” 'L
X~~5~ = •V

II ( 1
~ ) 21 ,20,10

EN a N
XPDP a sP ” r .+~~N* 0 L 5 G ( Y ) . 5 U M L

2 n D V &L  a

END
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II ‘. C 1 T 5 ’  ~~~~~~~~~~~~~~
= 7 ’ .

11(14.’.) I j o , 2 0 s ; ,2 r ~
j a • .~

= ~ -~~L (~‘,J)
I’ a ~~~~~-.* F L D A T  (J ) I P

k IF(
~~

-.
~~
_ IE4P ) 1~~,211 ,2’

~s SL~ =
J = 4 ’ !
14 a

= IE~~
.a~~.I11

5” 1— 1 ,
2 1  5A’4 a $~~.

‘-

a N

= E s A L ( 9 , J )
I’- a

3- IF’~~ = ~~~~~~~~~ P”
II(S L ”.T E ”P )  35.40~~ 71 ”

~c SL~” a TE’~~

-; 
IF (J 1 )  .s0,~~~,36

36 F,) =
-~~~ 15E

~~~
’-’ a

=
GD ID 3 )

S 
LI I) 5A M  :

N
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~- A I A  / ~ , /
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- S A T A

IF ~~~;‘ a. -  ~ ‘ 4 )  2( , I i ,2 0
7
L ’A a

:- L
.
~~ = 1

,

‘ L A S I  a
A ( j )  I

2 - ‘-- a I~~~~~3 C 3
I’ (- .

~ 
— 1 )  3 ,3’),7~

3~ S ’ -~’ L ’C * 1,

o I 1 C ’ ’ 7.~~~ L 5 S T )  S 0 , 5( . , * ’
~~ 5~~~L 5G = “‘ )

I ~ 4’

~~~~ ‘~ = ~~ A 5 T , 1
: 1C ’ ~~ .N”A ~~) 70 ,7~~,a t

7’ L~-~ 12 ~~~~~~~~
72 A ( ~~) a A C ! . ) )  ~ )L 5 G ( D F L ’A I ( I ) )

=
G3 T~~ 5’-

~~
- ) I F ( N LA s T .~- - ’~A V )  ‘-‘2 ,~~” ,~~

~~
~~~ A ( ~~~) = ~~~( I — 1 )  • 0L 5 ( C F L I A T ( I ) ,

N LAST a
a

44 a N ” A 5 * ~
~ 5 92 114 , ’.

92 ~ = ~ • T L ’ G ( ( ~F L5 a 7t I f l
5 J ” L D5  = ~

Ni’

~57~3

~
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SIATE’-’E’T

SI, R5 L :7 1  ~ AC~~T ( Z ,V~~ A X ,~~~~~~V ,
.4”*% ,AP~IMGT )

ESI F ’- A L. I’ i
i ’t”EN S !” ~~“ ( 1~~~1) ,  M 5 1 C 1 8 1 ) ,  ~~“ I( 1~~~i3 ,  J A C * )

r 1u E NS t ’~ X Z ( 18’; ) , Y Z (  I 0 ,
I 7” E ’~SI ’ ’  IRI A C (5), I FA C (~~)C’”- 5~-~ / A /  1.~~F , 5 PA ~~, aA r ’ , C.* .5T , ...(lEfl,
C~~”M D ~. /‘i’PEI *22, Y22 , X 1 1 , V 1 l , *A A ,V A A ,E~~

P
~~~

D I ’ E N 5 ! 5.  IA ’ .G ( 9 ) , 6~- ’ G (.9 )

C M D N /~~/~~~~X C l ~~~1) , ~~Y (1 S I ) ,  C I 1( 15 1) ,  S~-U1~~ t ) ,  rIEL
‘DA TA EPR-”~ / • O U I /
“ A lA R~~F,.1Or .313/

~ A l A  G PA ~~/ ,-~A T A  IA ’sG /i ,?*,3 1,51 , 71 ,l ?l , 1S1 , 1 7 2,181/
OA IA A A ’.i~/1 ,~ .5,l ,,3.,S.,10 .,3fl ,,*0.,Q0 ./
5 - A T A  I~-4 A C /SC , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘A IA ! R I A C/ 5 , 1 o , 5 o , t r ’) , 5 0 0 /
D A TA 46/31,51, 71, 12 1 ,15 1 ,i 72 1
C A L L  ~ E ’ C - ’ G ( 1I)
r’~~L * X ” A 1 4 * ,C I
IF ( V ’ 4 A 1 .L.I,X M A X )  5~~LS V ” A X * .~jt
PA a b t 1 7 6 . 1 1 5 5 a R P ’ A~~* V ~~A X / C M M A X * X ° ~~X )

~ A 2  I ~~A *~~A

PR1.C $ • :.r. (’~j l
C .SN S T  =

a 1 ,0 • REF
A~~2 a

CD a 2 ,0 * ~EF + E1* ~~EF
~LLV a •,02 -

I I:)
OD 2~~ 31 :1,8

G D I~ ( 0 4 C’ ,- s O l , 4 92, 4 93 , a Q a , o 9 5) , 4!
o9’ )  A O~~L =

5’ 1’ 51
a R t  A O E L = .1

GD 15 51
0Q2 A~~~La ,5

~ Ma20
5-5 T~’ 51

a03 M~EL = 1. 0

GD ID 5~
094 ~~~~~~~~~

G D l~ 
—

o95 A C E L ZS .1

51 “5 2~~ ~~ = 1, ””
11*11.1
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S - ’ ( I t )  = 5 t - ~ C~~~ ’ 3
5 a
I ( I I)  a
t~~ C I I . 5E . 1~~~! 3 5 ’  1’

3* ’ T - ~ a 1 6 4  (00 )
RN 1 a ~ I A -  (RAN T ’ .)

~ “‘1( I I ) 1 6.  (~iC ’ 1)
0 1 1( 11 )  = Ci5 (~~~N i)
SN I (II ) a SI’ (p0’  1)
(~, - I D

3~~l C I1( I ! )  a
5 1(tI ) a 1 . 0

2~ C D ’ ~II’-4 L-E
I A I

1 5  29o I~~= 1,l~~~’SA T 5SPT ( 2.(T’, 1C I I ))**2)

2~~- ‘fZ (I~~):Sal’.1 (11)/BAT
= 0 ,’)

14” a 1.1’)
= IN I ( A L D G X U ( I - Ø ”A * ) • .~~ 1 71 2 2)

IJ~~ ‘ 
(_ 4~A Z / ( l(~,* *( J~1A * _ 1)) ,  ,“ O t )

U- S 30 4 = 1 , J ”A I

IF (4 ~~~~~ J ”A * )  IJ~” = 145
IF (J .’-E ,l ) G~ T~ ~

2 Ii a 1’)

~ D 1’ ‘1
3 14 =
-‘ i’D 30 1 = IJ , IJ ~~ , I ”

a I a )~) a*  (3 • I)
I IC’- .2 .EQ .-”X ) C A L L  ~E” C ’ - ’ G ( 1 1 )
( 5 3rI a ‘C = 1~, )~~ )

IF ( ‘— ‘ 2 • L~~, 1~ .3 ~ ‘G I ( - )  
a

II ~~~~~~~~~~~~~~~~~~~~~~ GD i’~ 6
55 15 7

6 G A ”  a ~EIa5~~A C / A ~
‘~I 

a j ,u /P.~0
55 a 2 ;- ~ * C ~~ I — 5A M )
‘-‘G2 a (C5~~ST*A 8/i.().2,0*SrJ0I (0S*M2)

GD ID ~
7 CA L L SI’C -5’- ( ‘ - ‘1 , ’ 2 ,~~~ , 1 5 . 9 1 ” C , ’ ’ 1 , .

~~,F t )

‘~G2 = ~ ‘G 1 (  I 4 ~ INC

~‘-r,~~(~- )  a ~‘-S2
Il ( ‘ ?  .LT , — P T )  C;’ 1’ 3~~a
A =

a

r
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SIATEMr~l

I F  ~~..4’E ,1 t ) 5~ 
T a 7

“8 C A L L  9L’i’  ( i ,,-’ ,3 )
51 (161) = ,I.
~v ( l 8 1 )  =

112:0 .
V 22*6
GD 15 30 4

~17 SL A SI a I
Y LA S T  * V
I A * X Z ( ’ - ) / V I A A
VSAa Y Z ( )/I~~A I

05 1~ (14.2.NE .4 $A X )  53 1” 86
57 X X ( ’ ~) :X

b~ t F(’5.’~E , 2) 53 7’ “1
75 (1 *j ~~~ Z

V 1 1 * Y
I A A a X
V A A  a V
53 T 5 300

7~~i 
IF ( X .L E , ( X Z ( N ) • .f l f l t 1 1 ) )  G~ 15 753

752  C A L L  1\I~~5T ( XLA S I ,V L A 5 I ,I ,V ,57 (~ ,), V Z( ’ ‘ , 4Z .~~41 ),YZC’ 413, X0 ,V0)
CAL L u t ’TA ~’ (xO, Vo)
C A LL p 1D)’ ( X ’ ) , V ) , 2 )
IF CM ? ,E~~,~~~A z) r,D I~ 765
G D ~ D 3 )5

7~~3 IF (~~.&E .1- ~ !1 5~ I, 76~7 7  CA LL M I . . I A P  (I,’)

CA LL RL’I(X ,V ,2)
XC ’R a I

a V

53 15 3 ) 4
756 CALL M INI A CX ,V )
304 CD’.IIN’ iE
305 MI a

30 CD ’T IN UE
5! 1’ 769

7 78S CA L L P L ’ l C X Z C I ) . O .,J)
CD 166 ‘~~$1, ’-
X X ( N 4 4 ) z * Z ( ’  1 4 )
V Y  (N’ C 3 a ( “IS 3

756 CALL  PL3I (I-I(”~~ ,,’~~(- 14 ),2)
CA LL PL ,lCX0 ,YQ,~~)
X C D R  $ CO
~ C -D~~ a ~e

7 6 Q  1*0 .
V = Y M A S
C A L L  RL ) T C 1 , V ,3 )

a V a C , :)
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£ : A  ~~~~~~

C A L L  ~~L~~~I ( ’ , ” ,2 )
!~A LL . P~~~C~~:(l0)

I 1 ( R ’ -A x .LT . 1 ,~).) ~~, I4J a5
I F C ~~M A X ,C,I. ~~~~~r~ 31 kA:Is : T~~~,p(A~” ,I N I R

S ‘A

A =
~‘ = SA .A

~D 3~ ~~C a 
~~

II ( K C .~J E. l 6 1 )  G~ I~ 9p

~ l C A L L  ‘~ 1 .- T A P  (0 ,,~~)
C A L L  P l - ~l ~~~~~~~~~r.~ I” 3)

0
IF (1 .r1 ,xI(1 )) GD 1” 31

C F C V , L L . ( V y ( 4 4 C ) + ,” : l’ ) I ) ) 5’ Ir~ 72
73 1~ 

(~~R ,’~E. ’ 4 1 )  55 13 73 )
-
— 7 3  I ) a * C D ~

53 1 7 3 2
731 x l 1 X C ~~~~— I )

V) = VVC kR. 1)
7~~2 12 : Z X (1 ( 0)

=

= V
C A LL 1 :TRS I ( X 1 , Y t , z 2 , V 2 , X A , V A , x r ~, VP , X 0 , V O )
rA LL PL” T (xJ, Yo,2)

‘ 5 ID 3 1
72 %A a *

V A  a V
IF (KC ,~~F .I) ‘ 15 88

55 C A L L  PL~~7 C k ,V .3)

0~ T 5 36
se t~ C~~C ,”E .2) 5’ 

T~ 8*1
*8~ 111* 1

4’

I A A :X

ID 3~
~~,,t C A L L  ‘ 1 - ’ ~~~ 

(1 ,4 ’ )
3~ C D ’~~IN~~4’ 31 C.’’ lI’I . ~ 
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~IA IE’~ENI

7’~ CA L L . A1 IC~~(t,26,5,~~,5)
- C~~L.. a r r r * ( 2 7 , 7 l , I , 5 , 1 ~~,

C A LL A T ! CI S ( 7 3 , 1 4 1  , 2 , 0 , ,)
CA LL A I I C 44( 1 ‘~2. 151,1 , 0,5)

-
- CA LL A ’IC IS(tS8,168,5,” ,2)
- CA LL A I IC 14 (jl~5,178,2,1 ,2)

C A LL A I IC~~(17q , ‘~~1,1 ,1,2 )
CD 311 ~ F a 1 , 8

‘.F = JA( I(F)

I a
- ‘V I

CALL ~L 5T
(’5,’~,3)

1 * 1I(~~F)
V a Y V ( N F )

- . CALL ~L ’TC1 ,’f .2)

~~ C~~ ’ T I ’~~~E-
- 

(1 a 9
L~ 364 ‘C’f = 1, 60- 0

-
- 

‘CI a I S T  + I
-
~~ IF (‘c I.~~E ,l 0) G’S I” 3~~9

386 FA C = 2.’)
L K T a 0

GD ID 3 1’)
389 FA C *
370 2 a * V  • 1

a
- - IF (I ,51 , (1~~A X  • ,O(I~) j ) )  5D 7- 5 3~~5- V = 0.-.)

C A LL P L 3 T ( I , V , 3 )
V S • c~~c *
C A LL ~~i S T ( X ,Y ,2)

3bo C~~
#
~IINu E

385 ’CS :R
‘CJ -~ = I- ’ A X  / .IINI + 1. 0 01
D5 37 J a 1, ~J’~
*5 = *5 + I
IF ( 1 4 $ ,”~.~~10 )  55 ID 37~

37~~ F A C  =
45 = (1

- 55 ID 377
4 376 ~AC = 1.0

- - 377 ~ a ~~I~~-I * (‘CJ • ) )
a $ * y I A X / M ” A 1

I = 0 .t”- - 
C A L L  ~~L S l (X . Y ,3)

A a • FAC • i’EL
CA L L  PL SI (~~~,V ,2)

L 37 C ” T I ’, . E
C A L L  RE’ ,CI~GM I)
IF ( * M A X _ V o A 1 )  4 * 0 , 4 6 0 , 4 6 1

a~~ ) S F A C a X ” A X  •.125 

p 
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SI ~C :V”A ~~a , 1?5
~~~~

~~ l’~ I— = i, ~
‘.~~~ $ A~ / I R F A C  (I~~)
11 ( ‘ R ~~5I~~1 I )  5’ 15 1~~”

i -:- i T~~L N T 1  I FA C  (IR )
Il’

1~~ 4 (D )I~~,~~
7 Z~~:N1 1:I~~F~~C C S )

1,:? ~D 11’ ~~~ ‘ = I.
= $ ‘ A 1  / I$F AC (I”)

IF ( ‘ ~~ .G~~ . 1 0 )  55
1’)3 I - ’-I~ = P-FA C (!~~)( 3  15 1 25

.4 .  II” CD4 ’- 1I~-LL
I-~L~.IIat1-FAC (S )

1?~ ,.a—,0S’.SFAC
V:— .5.SF A C
C A L L  I’’—.- ’~~— ( X ,Y ,i,hi ,0 ,5)
. = I# L\ J I l

12~ I D G ! I 5 :A L I G I O ( F L DA T C N ) ) . 1  ,O0~~0 0 !
CA L L  -5E”1E~ 

(M ,ICGITS,IDGIIS,SIA.S)

x = ( N/ ~~’~8 x )  * I’~~A X  •

IF C X  + ~~!A S  ,51, 1~~A X )  55 ~~ 801
- ‘ CA L L  I~~U~~Ba ( X ,Y ,M ,i~,0 ,0)

= ~‘ ‘ t~~LJNI T
55 15 120

A , j j  V:.t ,OaSF A C
CA LL SE~~ T E~~ I - ’ , 21,21, 91A $)
I = u ,~ • V- lAX • ~~IA S

CA LL L~~I’E CI ,’V ,— ,2!I-4~~A ’~5E, ‘jA U I ICA L  4’ILES, ” .” ,21)
I a. 5
V:.,~~575*5~~AC
CA L L  I”U”’~~ 

( X ,Y ,k,~~~,Ii 1 4))

= IMI ’71I
12 1  IM SIT S IA L ~r ;1- (FL 4A I( ;~)).3 0oI1 I~~ 1

• 1 5*~~~~5 T 5 a 5 F  A C

IF ( ‘V ,s’. V’~A % )  5’ 15 6 0 3
CA LL I~~ J ’~~ ( X ,V , M ,N , ( , Q )

‘~ + I ’-’ L~~Il
55 i~5 1 -2)

- ‘5 ~~03 i •1.40*SF AC
C A L L  S~~’4? E~- ( N ,3 3 ,3 3 ,~~IA S)
V = 0,5 * V 8 X  • BI~ 5
CA LL LF~~

T
~~ (X ,V ,$ ,33~~T A~~QE7 ~~E I 5~~’ A E 5 V ~ A N 7 EN NA , F!ET ,90 ,133)

x l X .3 , a ’ —
CA L L  5~ ’.1E~~(— ,2*,2 6,~~IA $ )

— r A L L  L~~
I T

~~ 
( X i,V ,-4 ,2 er~( A N I~~’.N~. k ETC ,, -T
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S IA TE $EN I

C AL L ~~~~~~~ (* I , Y2, P- ,A -NT kGT ,90 ,,.1)
X O Q $  2.a* ’ A I

V~~R a.2 . ) * M

CD 8011 IL I I , ‘1

~~- C  a !A 4 ’5 (IL )
AA P A A ’ ,G(IL)
CX ;,)
IF ( IL. G~ ,*)CXZ , 12!X a l Z ( I 4 ’ 0 1  • .4.CI1 (IP~O )*5FAC • CX *5 F~~C

V Z V V ( I ’ . r- ) + .4 ,S~~ I C I \ M* S FA C  • .O67b.SFA C
IF (IL ,EC . 9)  X a I •
IF (1L .FS .9 ~~~~~ ( V . V ~~~). 5l .(I .5*~~))  55 1” 660
IF ((x~~~.I).L7.(LI .0aI- ) ,‘~~~. 5.L T ,2, *M) 5” 1’ e-~a

~~ O 1P~~~I

IF ( ! L . G~~ .~~~) 
5i 15

6-8 7 CA L L  NL~ ’PE~ (X ,Y ,~~~,A A ’ ,O. C , 1 )
i = I • •)5 * 5F8C
5’ 15

- ‘  

~~ 8 CALL ‘-‘ ‘E~~~ (1 ,Y ,M ,A A I . .0 ,O,.I )
68 Q C D ’ l I N u~

CA L L  DESREE (I • .35.S F & C ,  V o .175 * SFAC,, OSaS FA C )

Pi’ LI C D ~- 1I ” k - E

4’-

- . 7’
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:7 ’ CII’ ~ 1~~~)
0’ ”~~ #~~I 

.J~jI , C - R A C ,  A~~, C~~’5? , L (142),
— - z ~.LF *~ sP (—r,~~A r ’ I )

V a2 • 0 a F • 5 5 a ~ 
B

~a 2 . , j * r C . C C  a r C
S 5~~~~T (t,(’-) . v + ~ + V *A )

~~1 
a C”~ 5’~ • (1.0 •V3 .C~~,o • CC )/FX

- -4’
- I
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STA 1’~~M~~’iI

5 I,~s4~~~~~T 1 7 ~~ 5I”- C ’D’-(Xl ,A ENC’ ,I~~5I ,LIH ,AF E~~,:DI , 11,F)
‘lao

• 
-,

V a t  .0

A R E A 1 z ~~,O.5 
10 E 4 ’ .CSZP(Xt).FC*E ’-0)

2 Na (IE~’45.Z1)/V
5O0S~~V E ’ -+ ’CD
* 1* 1+ 1 1 4/ 2 ,

I.: 3 Ia l , 1 1 I
2 1 Fv E F a E v ~~~.I (x)

151.11
3 C ’S~~T X V ~uF
3) AR E A I ( E ’ ~rS.4 .0.Ev ~~N.2. 0 . !D5)a11,b,V’

N’SIIP’.e ’ I . I
34 PaA 55 ( ( A R ~~A I . A R f t A ) / A P E A )

IF ( NIS I— L ITM 3 341, 35, 35
3111 IF ( R . 1ES T ) 3 5 , 3 5 , sa
35 R~ TuP4’~
11
46 1N11 2 a 14 ’ T

V a2 ,0*v
‘~~ 2

4’
4-
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- 5 T AIE ’ L  ?

~~~~~~~~~~~~~~~ A T IC ’ (tA ,JA ,’CA .~~~,~’C)
— Ca ’- ’-’. ,‘— i zx ()6 ~~~, V V ( j ~~f l ,  C’)(I&7 ), S’.t (1A 1 ), DE L

“A =

“A a “ A  • 1
- IF ( “ A , ’~~~,~~ C 3 r,’ 15 3

~ F A ~ a 2. ’)
- ‘A a

GD I~~

7 3 F A c  ~
--7 ~ * a

V a V V r ’ C )
CA LL  P1 D 7 ( X ,’Y , 3)
• = I • C-EL *FACaCT I (W )
V a V • CFL .F AC *S~~1 (N)

-
- CA LL RL ’1(X ,Y ,2)

~ 
C D - I I V L ~~

-5

4’_

.4’ -
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= •2~ !71L.3 a

= C 3’ I—l ) • C~~’~~~T.. ‘1~ 7 — r- . = (~~~*~~- .) )  * C’~~ST- 
~ IA5 = A l 1$F • 0.5 a
0~

-I

4’
__7 -
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3 IA 16

5I~~ R~~IjI~~’~ ‘I I \ I A P  ( X , v )
C”’-”‘”s /“T E/ ~ 2 ,  V~~~ X ) ~ V ) ,  IA , V A , ~ QR ~~P
~~5~~~~

55 / I i,/ ~~~~~~

r A T A  ~ / ‘ ) /
C A IA 7/ 1 ) /

- C I ( ’.Jt ,V t , i,2 , V 2 )  1 S 5 l s T ( ( ~~~.-J 1 )* a 2  •
C t  a C y ( I j , V ) , 1 2 , ’ V 2 )
IF (D! .65 , 0.) 5’ 7* i~

- 
L2 I CX ( * ,V ,X 1 , ’ V t )

- IF (D2 ,EG . 0,) 53 1! 2
- 

- C3 a Cx ( l ,V , I2, V 2 )
- - 

~‘II 
a

I F (C3 •L1 . CI I ) 5’ 1’ 1
C, S

~ Z C -’3a53.02 a02.Ct.01)/(2.*C1e0-2 )
IF C C~~ S’ . • 51 , 1 .  • 5~~ . C D S ~~ .LT . .1,) C’S ’  = 1.

- S t ~ ’6 = 5 7 (1. . CD5?~aC’S7-~)
CE V N  = 0 2 *S I4 ’ E .
IF (C’5L. .L6. ER~~59) 5’ 15 2

I CALL RL ST (xA ,~~A ,~~)
‘~ * ‘-‘ .~~
12 a x A

1’ 1 V A

- l i l i a l
V I  S V

~ IA = Iil
_S . ‘ V A  I 4’

~ * 4’J~~-
~~~ END

4’
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518 ~6’-’~ 
‘.~~

SL~~”5’’I’~~ 5~~4~~~F (‘“Za P SI ,  !~~5L, ~k5~ P~~t )
“~~L6 *  ~~~~~ 5A M , S51E~~

”, ~ E~~’-
C A T A  I ( A ~~T ~ 0 ./
S I-’-~ SI = 51 5 -- (PS!)
CS PS I  =
I F  C F ” N Z ~~ F L A S I )  5! 15 2 00
FL A S ?  a
• = j99 ,193 / F M TM Z
IF ( F M $ Z  , GT , 150 0 .) 5’ Y~

150 S IC ,  1 11,3
6~~ S1  a 65~GD  I~ IS!

) 5 t  5 1 5  = “ .3  • ( F~~~Z • 15 0 0 . )  • .00148
jF (F M T M 1  •5I • 3 0 0 0 . )  55 75

153 L~~S 1 = SC ’ , • (“~~~Z — 1500 ,) * .00733
53 15 155

154~ 68S1 b~~, •(~~~~~Z • 3N~0.)  * .002 429
5 15 3 s.52 • (F ” i-’ Z • 3000 ,) • . 0O I 3 1~~

155 E~~ SC a C~~PL X  CE~~St , — b O .*’*SIG)

20 0  SGIE. 11: C$iD~~r (EPSC.C5P5Z)
IF (IP’L • ‘.6 , 1 3 55  7’ 1* 1

16’’ IE~~M a LPSC * SI~.SIC - A ”  S (T~ Q ’.5QTE $)/(TE~
$,3QTE~ M)GD 15 180

16 1 ~~~~ = lSt 4 ’- 5 !  • 5~~I~~~~M 3  / CS I 4’~DS I  • SC1E~~~~)
11C ~~~~~~ = 5A 95 (5 8” )

‘I 
~~~~ 

.A I A N ?  ( A ~~T M A G ( 5 A M ~~, REA L  ( S AM ) )

‘5

-4’
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SUSPSu I !’E GEG~~EE ( X ,V ,l- )

C I TM E V~$I5\ CELl (S), O 6L V C S )
C A I A  DEL*/.0.707l , .1.O, n .7O7I , fl .0,t~.7-~73,1. Q,0 ,7rj7, ,0•o/
D A T A  D E L Y / f l .70 7 1, 0 .5, .C ,7011,. 1 , 0 ,.0 ,7 C 7 1 , 0 . 0 , L . 7 0 7 1 , I .0,
C = TM~~~~~~ 4j ~~~~~~~ j~~~

I a I •
V a V •
C A LL PL5T ( X , V ,3 )
0! 1 II = 1, 8

* = X • O E LX ( I 1 ) * 1 )
V a V • DEL ’V (II)’D

I C ALL PLDI(X ,V ,2)
E’-0

4’
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5 ? A T F T M f _ I

S~~~.’ T l ’ E  I’’~~5~ ( X l , Y i , -1 2 , V ? , X A , V A ,X B , V R , I f l , V O )

I~ (A 5e (X 2•*1) , GI~,lr .~~.7b) 5.’ ‘~~~2
I IF (885(Ir.AA), LI .IL .6 76) 0-5 T~ 99

i C  = A )
5 =  ( V . . Y4 ) / ( 1 6 . A A )
V - I  = S a C XU .*&) • ‘VA
D6 ~~~~

2 )F (A 65(X ~~~~zA ).5~..IQ, E.7b) 53 75 4

3 IF ( A 8 5 ( 1 2 . X t ) . ) T , 1 0 .E.76 )  (.5 15 99
* 0  = X I
5 = ( Y 2 . 4 ’ t ) / ( 1 2 11)

2 5.~~ c•*fl • ‘1
F F II

-~ 5 )  =
S2 = ( ‘ V 2 . V ! ) / ( 1 2 —* 1 )
IF ( SI ,~~~~~, 0 ,) G D I’ S

- I~ ( A B 5 ( 5 ~~.5~~) ,L T ,~~lj~~E.7b ) 5’ ~~ 99
= 5 2 .’ S I

V 5  : (V2•S2 * (*A.X P).VA. ~ ’P5)/ (1 ,.~ I5)
*0 S ( ‘ V ) . V A ) / S )  • IA

~F 7 L’~~ -
S IF ($2 •~~~~. 0 ,) GD 10 49

IS:  ( V 8 — V 2 ) / S ?  • *2  7

‘ V O V A

04 ~~~I’~I i -~~~ , A l ,  Vj

~~ I ’iT j 1 ,  r2,V2, zA ,yA ,xS,V9
* 0  =
4 ’ - )  a 0 ,

)‘0 F!F’A1 (31 ,*1o-.C ALL ID t ,I~~SECT A 6DFTED . LI~~ES 
PA PA LL EL, 4’.5

* 1  = ,E 1 0 ,2 ,e 11  ‘V i
~~~ ~~‘P’4AI(31 , 51-4 12 $ ,EI 0 ,2,b I4 ’ V 2  = ,E1O ,2,

* 5P4 X A  : , & t S ,2 ,b ”  VA a ,~~10.2,bN 18 = ,E10 .2,SM VS a .~~1o ,2 1/)
E

I

a
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5IAT E TM~~4’1T

S~~V .Q~~t7 7 I ’E  A~~R’a ( 11 , l 1, X ? , V 2 , IIPL)  —

C D~~M!~7’. / A G / A ~~G
D A T A  A 1- .G / .35/
V A  a ‘2 — Vi
IA = *2 — A t

A a A T A N ? ( V 4 , X A )
13 * A • A ’.G
A 4  a A • A % G
*3 = *2 • ~I~~L * C~~ S ( A 3 )
V 3  I ‘2 • TI~~L * SI ’~~( A 3 )
14 = 12 • II~~L * C 5 $ ( A 1 1 )

‘V 4  a ‘2 • TI~~L 
a S XN (A 4 )

CA L L  P L D 1  ( X l ,  ‘(1, 3)

C A LL ~L’1 C x i ,  ‘(2 ,  2)
C A L L ~~L D 7  (13. ‘3, 2)
CA L L  ~L’T  (14 , Y~.I, 3)

CA L L  ‘L’S T (12, ‘2, 2)

5 TA  Y E T M :  I

-5L6~~ -5’j’Z’-E 6Z 5 . ~~5
E~-~~’~’ a E C ~~G
~ ‘- 1I. Y D A SM D N
£ 1--1~~’ ‘A5-” F
6’—!’
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APPENDIX B: Inpu t Data Card Forma ts for LOBMIJF (For ASC - Jan 1977)

Program LOBMIJF will plot the envelope of N radars using the pattern
calculations contained in the original program des cribed in NRL Report
7098 by L. Blake. Incoherent integration is assumed. An antenna height
mus t be specified in subroutine RHACHT. The parameter name for this
antenna height is AN THI TE and is used to draw the range—height grid. The
ac tual an tenna heights for the individual radars are input separately and
used for the multipath calculatiOns . ANTHITE is’not very important except
for the labeling of the height axis of the grid.

Input Card Sequence
Col.

1. AN THITE in FlO.0 f ield
2. Label Card
3. Grid Parameters in FlO G fields:

a. XMAX 1—10
b. YMAX 11—20
c. RMAX 2 1—30
d. HMAX 31—40
e. THMIN 41—50
f .  THMAX 51—60
g. WHIT 61—70
h. RDR 71—80

XMAX = maximum X—dimension of chart in inches
YMAX = maximum Y—dime nsion of chart in inches

= maximum range of chart in nautical miles
HMAX = maximum height on char t in feet
THMIN = minimum elevation angle for the plot
THMAX = maximum elevation angle for the plot
WHIT = sea wave height in feet
RDR = number of radars for which an envelope is to

be plotted.

4. Common Parameters in Fl0.0 fields :
a. PDT 1—10
b. PFA 11—20
c. PULS (total number of pulses) 21—30
d. CASE 31—40
e. AHFT 41—50
f .  TILT 51—60
g. POL 61-70
h. CSC 71—80

4’ -

PDT = probability of detection
-

~ PFA = false alarm exponent , i. e . ,  the positive value of
the exponent (power of ten) ; for l0~~~, enter the
number 6.0 , etc.

PULS = total number of pulses

If, 48
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CASE = Swerling case number
AHFT = antenna height in feet
TILT = tilt angle of the antenna beam maximum with

respect to the horizon in degrees.

For reference, POL is polar iza tion as follows :

POL = 1. vertical
POL = 2. horizontal

CSC is for pencil or cosecant squared antenna pattern:

CSC = 0. pencil beam
CSC = 1. cosecant squared beam

5. Radar Parameters in FlO O fields :
a. RFS 1—10
b. FMHZ 11—20
c. BWD 21— 30
d. SLDB 31—40
e. PULNUM (number pulses at F~U1Z) 41—50
f. FREF 51—60

Repeat card 5 for N repetitions.

RFS = calculated or assumed free—space range of the
radar on the specified target

FMH Z = radar frequency in megahertz
BWD = antenna half—power beamwidth in degrees
SLDB = first elevation sidelobe level relative to the

main lobe
PULNUM = number of pulses at each specif ied frequency
FREF = frequency used to calculate RFS if RFS was

calcul ated for the to tal number of pulses (PULS)
FREF = 0 , if RFS was calculated at each frequency using

PULNUM.

.-~f ter  cards 1—5 , the sequence can be repeated as many times as desired ,
starting with card 2.

A note of caution is that the elevation plot angle increment is
determined by

THMAX - THMIN
2000

The value has proven adequate for S—band radars where 100 and 00 were the
values for THMA X and THIITIN. I t  is recommended that an envelope for a
single radar (RDR = 1) be run when there is doubt that this angle increment
is small enough.
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